Effects of oxidant stress on steady-state background currents in isolated ventricular myocytes.
Free radicals and oxidant stress have previously been shown to induce depolarization, transient action potential prolongation, and automaticity. We have investigated the ionic basis of these electrophysiological changes in isolated rabbit ventricular cells. Oxidant stress was generated by the photoactivation of rose bengal, and, in current-clamp experiments, the effects of oxidant stress on the action potential were confirmed. In voltage-clamp studies, oxidant stress decreased both inward and outward current through the inward-rectifier potassium channel, and the slope conductance (measured at the voltage-axis intercept near the resting membrane potential) was decreased from 40 +/- 8 to 25 +/- 6 nS (n = 6). Transient inward currents were induced on repolarization after a depolarizing clamp step, suggesting that the cells were calcium overloaded. In addition, oxidant stress activated a steady-state membrane conductance that showed a slight outward-going rectification and a reversal potential of approximately 0 mV. Evidence is presented to indicate that this reflects an increase in the conductance of the calcium-activated nonselective cation channel. The slope conductance of this calcium-activated channel (measured at the voltage-axis intercept) increased with prolonged exposure to oxidant stress (from 0.5 to 12 nS after 7 min), indicating that the intracellular free calcium increased gradually during the maintained application of rose bengal. These results suggest that oxidant stress depolarizes the cell membrane by reducing the inward-rectifier potassium current and by activating a calcium-activated membrane conductance. Both factors may contribute to the oxidant stress-induced changes in action potential duration and automaticity.